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JACK HOLBROOK

28. 21ST CENTURY SKILLS AND SCIENCE  
LEARNING ENVIRONMENTS

This chapter promotes a democratic approach to education and emphasises personal 
and social democratic values as well as scientific knowledge and skills. It considers 
the goals of science education and especially those sometimes called 21st century 
skills. Also included is a consideration of the attention needed to the classroom 
learning environment for the teaching of science, drawing attention to the teaching 
focus, the classroom atmosphere and the teaching approach.

LEARNING OUTCOMES

When you have worked through this chapter you should be able to:
With regard to what to teach

•	 Appreciate the need for science education
•	 Identify and recognise the importance of 21st century skills
•	 Associate these skills with student needs for responsible citizenship and 

employability
•	 Identify the term ‘education through science’ and determine its meaning

With regard to facilitating learning

•	 Recognise the importance of establishing a conducive learning environment
•	 Understand the role of the teacher in developing the learning environment
•	 Understand the role of support materials (modules) in establishing the learning 

environment
•	 Identify and critique classroom learning approaches

TEACHING SCIENCE FOR DEMOCRATIC SOCIETY DEVELOPMENT

A democratic picture of education sees science education being portrayed as 
important for all students. Less attention is paid to building a widespread knowledge 
background, but importance is attached to promoting a wider range of competences 
through science teaching and thereby enabling students to function meaningfully 
and responsibly in a democratic society. While thinking abilities are still recognised 
as important, to make sense of the science encountered in everyday life, the focus 
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is also towards capabilities in terms of personal self-determination, especially 
with respect to problem-solving and social consensus making, geared to students 
developing skills to make reasoned decisions.

In such a focus, science content can derive from relevant contexts, related to the 
students’ world and seeking to establish the importance of science in the day-to-
day functioning of society. Thus, for example, scientific concepts behind modern 
materials, such as polymers, foodstuffs, medicines and different forms of energy 
providers, all part of everyday life, are promoted, enabling understanding from a 
safety, environmental or health risk point of view, and hence have a potential impact 
on raising the quality of life. This impact on the way of life can be perceived as being 
immediate – discarding versus recycling of waste, or the use of paper, rather than 
plastic bags – or related to the future, associated with risk awareness, pollution, global 
warming, derisive impacts on eating habits, poverty alleviation and environmental 
protection or sustainability versus non-sustainability.

Such an approach inevitably has extensive implications for the type of teaching 
emphasis. Learning in a societal frame is expected to build on the familiar and hence 
lend itself to a strong constructivist approach. Inquiry-based teaching can stimulate 
explorations in a student-centred manner, using materials found locally, while the 
conceptual areas are carefully selected to take account of the local availability of 
materials and familiar processes, or concerns. And, of course, student involvement 
is highlighted by the students playing a major role in seeking and using indigenous 
materials, the setting up of relevant investigations and seeking the intended 
explanations.

THE GOALS OF SCIENCE EDUCATION

Within a democratic orientation, a commonly stated science education goal is the 
achievement of scientific literacy, although there are different interpretations of its 
meaning. In recognition that a democratic focus for science education needs to relate 
to society, there is a need to interrelate science and technology. Thus, Holbrook and 
Rannikmae (2007) put forward scientific and technological literacy (STL) as a more 
appropriate focus for the goals of science education.

The scientific thrust of STL has its focus on conceptualisations of need-to-
know scientific knowledge, but STL also relates to an interaction of the science 
with society and an awareness of the need for expert opinions, thereby introducing 
understanding that ordinary citizens do not need to possess. STL teaching further 
strives to enable students to make decisions in a democratic society, where science-
based technology is playing a greater and greater role and an appreciation that 
while the advantages of technological developments can be great for some, it can 
be a major disadvantage for others. Furthermore, side-effects related to health, the 
sustainability of the environment, or economic concerns can become key factors in 
choosing the most appropriate science–driven technology. STL is seen as developing 
student capabilities to consider and reflect on all of these.
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It is not surprising that a single, simple definition of STL is always likely to 
be extremely problematic. A definition intended to involve an appreciation of the 
nature of science, the educational development of the person and functionality in a 
social domain, while also stressing socio-scientific-making abilities, is (Holbrook & 
Rannikmae, 1997):

developing the ability to creatively utilise sound science knowledge in everyday 
life, or in a career, to solve problems, make decisions and hence improve the 
quality of life.

While STL is rather nebulous, it clearly draws attention to the need for education 
to embrace the nature of science education (NSE) (Holbrook & Rannikmae, 2007), 
not simply the nature of science and hence favours the democratic approach to 
education. Figure 1 illustrates that the nature of science education (NSE) can be 
taken to be the inclusion of three major educational needs – the nature of the science, 
personal development and social development in an educational frame. It recognises, 
for example, that abilities in a range of educational goals, including socio-scientific 
decision-making and scientific problem-solving, are more important for enhancing 
true scientific literacy (Shamos, 1995), or multi-dimensional scientific literacy 
(Bybee, 1997) than a systematic, basic understanding of poorly related, fundamental, 
content knowledge.

Figure 1. The three domains comprising the Nature of Science Education

EDUCATION THROUGH SCIENCE

While the nature of science education portrayed in Figure 1 recognises three key 
learning areas, it does not address directly the degree to which science teaching, 
within a specific educational focus such as for democratic development, relates to the 
science itself. Hence, the emphasis to be placed on promoting the nature of science, 
and science academic learning, versus a wider educational emphasis promoting 
personal and social attributes is not determined. This emphasis very much relates to 
the teaching focus and whether stress is placed on the scientific or the educational 
aspects.

It is important to stress that these directions for science education focus on the 
degree of emphasis rather than the exclusion, of any of the following:
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•	 cognitive learning;
•	 appreciation of the subject (the nature of science);
•	 the development of the person to be capable of functioning in a meaningful and 

responsible manner;
•	 the development of the person, especially in terms of social values.

With the above in mind, the use of education through science emphasizes the 
educational learning over the science content. This contrasts with a science through 
education approach in which the science is the dominant aspect.

21ST CENTURY SKILLS

An emerging body of research suggests that gaining a set of broad citizenship and 
employability skills is an important focus in the 21st century. Such skills are seen as 
valuable towards becoming more responsible within society and enabling individuals 
to be better placed to secure a wide range of jobs in the national economy. Some 
business and education groups have advocated infusing specifically-identified 21st 
century skills into the school curriculum, and developments have taken place in 
this direction (Partnership for 21st Century Skills, 2008; NRC, 2010). The NRC 
[define for readers] put forward five broad categories or attributes – Adaptability; 
Complex communication/social skills; Non-routine problem- solving skills; Self-
management/self-development; and System thinking. Clearly, these apply across the 
curriculum and not simply to a single subject area such as school science, but they 
tend to complement rather than oppose the ‘education through science’ approach 
introduced in the previous paragraph.

The earlier arguments have gradually focused on the expectation that gaining 
science knowledge and skills is not enough. There is a need also to be able to make 
use of the learning in science lessons, especially within society and in the workplace. 
This clearly favours the democratic approach to science teaching and the interrelating 
of the learning within science lessons with the learning taking place in other subject 
disciplines. It promotes the not-ion that students need to appreciate that the teaching 
of science in school is not only valuable in terms of forming a scientific knowledge 
based, but also in promoting competences to enable citizens to function in the 21st 
century, especially in allowing them to increase their marketability, employability 
and readiness for citizenship.

Nevertheless, in striving to identify the directions for success in learning, the 
development of students as individuals, as well as future citizens, the Melbourne 
Declaration on Education Goals for Young Australians (MCEETYA, 2008) identified 
more fully the learning that can relate to students. Linking this to 21st century needs, 
whether expressed by the NRC (table 1, column 2) or by teaching aspects (table 1, 
column 3), poses a challenge as one focuses on the personal needs and social values 
while the other sees employability as of much importance. Table 1 attempts to 
interrelate these two directions towards a new curriculum and teaching focus.
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LEARNING ENVIRONMENT

It is proposed that the learning environment needs to be conceived from three major 
perspectives:

a.	 The teaching focus,
b.	 The classroom atmosphere, and
c.	 The teaching approach.

a.	 The teaching focus is related to the degree of emphasis on the different aspects 
of the nature of science education. This relates to the goals of education and the 
perception of STL. The teaching focus thus pays attention to the emphasis placed 
on science conceptual learning, alongside the development of the person geared 
to responsible citizenship and social development. The focus is particularly 
geared to employability and reasoned, decision making. In turn, the focus relates 
to whether the democratic orientation is adopted and whether education through 
science is the preferred orientation.

b.	 Classroom atmosphere relates to the manner in which the teacher interacts with 
the students. The role of the teacher is thus crucial in setting the scene for the 
learning (the classroom atmosphere is controlled by the teacher). Where this role 
is effective:
1.	 the classroom atmosphere promotes student motivation;
2.	 student motivation is likely triggered by the teaching perceived by students as 

being relevant and meaningful;
3.	 motivation is sustained through constructivist teaching principles and the use 

of student-centred learning techniques;
4.	 motivation is aided by an ‘education through science’ approach to learning.

The aspects in the previous paragraph suggest the manner in which the teacher 
interacts with different students is important. There is a need for consistency and 
fairness so that all students feel they are being treated equally. This is not actually 
treating all students in the same manner, as students have different needs and hence 
appreciate different levels of support. Perhaps consistency and fairness is more 
appropriately seen in terms of supporting students with their zone of proximal 
development (what students are capable of achieving with the guidance and support 
of others, such as the teachers and/or other students). Flexibility is also seen as 
important in inducing student abilities. One way to give students greater flexibility 
is to allow them choices in portions of the course content, topics for papers, and 
questions for class discussion. Flexibility leads to a sense of control, which can 
contribute to a student’s expectation of success.

As a final note on classroom atmosphere, it is much easier for students to learn 
when something makes sense to them and is related to one’s life, interests or 
aspirations. Teaching at the students’ pace, with multiple opportunities for student 
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involvement clearly makes sense. Putting forward science as isolated facts, or 
unrelated theories can be expected to lead to memorisation and the development of 
poorly conceptualised learning, or even misconceptions. This does little to promote 
21st century skills and enhance employability.

c.	 A key factor related to both classroom atmosphere and teaching approach is that 
the teaching of science needs to address its lack of popularity among students. 
This seems to be better addressed at students grade 7 and above. Top of the list in 
this respect is relevance of the teaching in the eyes of students.

The literature suggests that for the teaching of science subjects to be more relevant 
for students, there is a need for:

•	 student participation in the choice of social context for science learning;
•	 an increase in student activities and with this greater opportunities for student 

self-learning; related here is the need for more potential diagnostic measures of 
the effectiveness of the teacher;

•	 maximising student involvement and the important move away from teacher-
centred approaches.

Table 2 summarises connections between the teaching focus, the classroom 
atmosphere and teaching approach.

CRITERIA FOR AN EXEMPLARY STL LEARNING ENVIRONMENT

The following criteria are put forward for STL learning environment needs. 
(Holbrook, 1997; Holbrook & Rannikmae, 1997).

Involve Demanding (Higher Order) Thinking Skills

Undertaking the activity is an appropriate learning exercise for the learner i.e. it 
provides an intellectual challenge at an appropriate level for the students. It utilizes 
constructivist principles – moving from information and understanding already in 
the possession of students, to the new learning situation. It involves analytical or 
judgemental thought.

Include a Communication Skill Component

Due consideration is given to enhancing a wide range of communication skills 
appropriate for the dissemination of scientific ideas and social values. This will 
involve oral (group discussion, debate, role playing), graphical, tabular, symbolic, 
pictorial as well as written forms.
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Include a Comprehensive Teacher’s Guide

As problems, issues and concerns coming from society are often interdisciplinary 
in character, with the science ideas unfamiliar to the teacher, full explanations are 
needed to help teachers make use of the materials in a meaningful and interesting 
manner. The teacher’s guide also needs to highlight the link between activities 
put forward and the outcomes expected of the teaching in terms of educational 
objectives. The teacher’s guide needs to detail a suggested teaching strategy by 
which the student-centred approach is exemplified.

SUMMARY

This chapter is based on the democratic view of education, catering for all students. 
It sets out to introduce 21st century skills and explain appropriate science learning 
environments from a teaching focus, classroom atmosphere and teaching approach 
perspective.
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